International Standard ISO 2631 gives the reaction to horizontal vibration for the occupant of a building, a public transport system, the oscillations of the ocean and so on. These effects have not yet been evaluated by physiological methods as the criterion curves in the Standard are based on psychological evaluations of comfort and discomfort, rather than physiological investigations. Physiological and psychological effects of low frequency horizontal vibration on the whole-body were as follows: Changes in the autonomic nervous system were observed, in which the system tended to change from the state of predominance of the parasympathetic nervous system to that of the sympathetic nervous system, when the frequency exceeded the range 0.2 to 0.4Hz, typically around 0.3Hz.
INTRODUCTION
This study investigated the difference between the excitation by triangular and sinusoidal waves of physiological and psychological effects. Psycho-physiological effects have been shown objectively for exposures below 0.1 Hz.
The study has adopted a physiological method of measuring the reflex of the autonomic nervous system and has adopted a psychological measuring method of subjective evaluation in the five and seven grades over twenty items.
By examining the psycho-physiological effects base of the exposure to low frequencies, the data obtained illustrates the measurement technique. In addition, the new data on physiological effects could be applied to the Standard for the evaluation of a lower range. (Fig 3 shows that, for example, fatigue decreased proficiency boundaries in the Standard are only for 1 Hz and above.)
METHOD
The study was performed using multi-input vibration testing equipment in the large structure testing building at this Faculty. This vibrator operated under computer control at frequencies ranging from 0.01 to 50Hz with a maximum amplitude of 200mm. A legless seat was mounted on the vibration table, and a subject was exposed to the vibrations, sitting with legs hanging down. The amplitudes of the vibration table were 15, 25, 50,100,125, 150,175 and 200mm. Frequencies ranged upwards from 0.01Hz. Rms values of vibratory acceleration ranged up from approximately 0.000042 m/s 2 . Exposure time was 15-minutes, and the vibration parameters were changed randomly. Physiological effects were examined by investigating the effects on the cardiovascular system, respiratory movement and salivation, in order to confirm the effects on the autonomic nervous system (sympathetic and parasympathetic nervous systems). Measurements were performed for 30-seconds at 3-minute intervals after starting the vibration in the cases of heart rate and respiratory rate. In the case of saliva secretion, the dental cotton roll was replaced at 3-minute intervals to measure the secreted quantity over this time. Figure 1 shows the timing of measurements during whole-body vibration exposure. Time table for physiological and psychological measurements
RESULTS AND CONCLUSIONS
The effects on the autonomic nervous system showed as changes in heart rate, respiratory rate and quantity of saliva secretion. The heart rate ratios and respiratory ratios tended to decrease in the case of vibration with frequencies of less than 0.08Hz, but increase in the case of frequencies above 0.2Hz. The ratio of saliva secretion tended to increase in the cases of vibration with frequencies of 0.01, 0.015, 0.02, 0.03Hz. Thus the autonomic nervous system tended towards predominance of the parasympathetic system.
Respiratory rate ratios tended to decrease in the case of vibration with frequencies of less than 0.2Hz, but increase in the case of frequencies of more than 0.2Hz, when stimulus amplitudes were 125 and 175mm. The ratio of saliva secretion tended to increase in the case of vibration with a frequency of 0.1 Hz and amplitude of 125 or 175mm, and it tended to be close to the reference value, or decrease, in the case of vibrations at other frequencies. On the subjects, the small changes at 125mm-0.56 m/s 2 ,175mm-0.78 m/s 2 , showed a restraining tendency. By using this data, numerical evaluations of saliva secretion from whole-body vibration have been developed to give calculations for the value of accumulated saliva over 15 minutes (Xp) and over three minute (Y) Intervals as shown in Table  I . Figure 2 shows cumulative values and fluctuations of saliva production. Calculated values (Xp, Y) can also be derived for other physiological parameters as shown in Table II . The magnitude of Y is considered an effective indicator for the absolute value for the state of the autonomic nervous system for whole-body vibration in the low frequency range below 1 Hz.
Psychological evaluation by the subjective method of numerical values showed that five and seven grades were converted to a scale numbered (1-5, 7) in which "3" and "4" represented "normal". It was believed that when the acceleration exceeded 0.20 m/s 2 it was "unpleasant" and that the low frequency area which gave "quite pleasant' was for 0.000070-0.05 m/s 2 . Data was obtained at a frequency range from 0.01 to 0. 1 Hz.
This study showed that subjects responded to physiological influences when rms values of vibratory acceleration reached 0.56 m/s 2 . For sinusoidal excitation, as the rms values of vibratory acceleration increased, the sensation of vibration tended to change from " pleasant " to " unpleasant ". For the subjects, 0.67 m/s 2 or 0.78 m/s 2 decreased the evaluation value to 2.6. 2.8. The "feeling" parts for evaluations shown in Table III Fig. 2 for the following two type (Autonomic nervous system: a) the state of the sympathetic nervous system with evaluation of the physiological effects. b) the state of the parasympathetic nervous system with evaluation the physiological effects. There are differences between subjects. For y-axis vibration, X p was unchanged or negative for frequencies below 0.04Hz, whilst it was positive for frequencies of 0.3 and 0.4Hz. The state of the autonomic nervous system is indicated by decreases or increases in the measurement. For example, stimulation of the sympathetic system results in reduced saliva production and increased heart rate, whilst the opposite changes occur for stimulation of the parasympathetic system. These changes are effective physiological indicators. The number of areas stimulated, increased when the acceleration was greater than 0.45m/s 2 .
For triangular excitation, the following data were obtained for physiological measurements. The heart-rate ratios were more than one in the case of vibration with amplitudes of 25, 50,100,125,150mm and frequencies of 0.2,0.3, 0.6Hz, and acceleration 0.11, 0.13, 0.14, 0.17, 0.25 m/s 2 . Respiratory-rate ratios tended to increase in the case of frequencies of more than 0. The T-test result was at 0.31 m/s 2 (p<0.1, level: 1-5, p<0.05, level: 1-7) Subjective descriptions of the physiological tendency were "hard", "great", "strong", "violent", "sharp", "aggressive" and "speedy". The difference in evaluation for different stimulations, showed contributions of the effects of acceleration. Evaluation of physiological changes enables us to understand the psychophysiological effects and makes possible the application of these to the Standard.
